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1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 6 sheets, including this cover sheet. 

IS This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 8 sheets. 



3. This report contains indications relating to the following items: 

I S Basis of the report 

ti □ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of invention 

V S Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 

citations and explanations suporting such statement 

VI □ Certain documents cited 

VII S Certain defects in the international application 

Vlil S Certain observations on the international application 
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Authorized officer 
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I. Basis of th report 

1 This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originally filed" arid are not annexed to 
the report since they do not contain amendments.) : 



Description, pages: 

2.5,8-16 
1.1A.3.4.67 



as originally filed 
as received on 



1 3/05/2000 with letter of 



10/05/2000 



Claims, No.: 

7-11 
1-6 



as originally filed 
as received on 



1 3/05/2000 with letter of 



10/05/2000 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-11 

No: Claims 

Inventive step (IS) Yes: Claims 1-11 

No: Claims 

Industrial applicability (IA) Yes: Claims 1 -1 1 

No: Claims 
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2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Reference is made to the following documents: 
D1: WO-A-9633306 
D2: DE-A-44 16805 
D3: WO-A-91 08332 

D5: WO-A-9801611, cited on page 3, line 18. 



Re Item V 

1 . Novelty - Inventive step 

The subject-matter of Claims 1 to 1 1 appears to be new and inventive in the sense of 
Articles 33(2) and (3) PCT, the reasons being as follows: 

Claims 1 to 9 

Document D1 (cited as an X document), which is considered to represent the most 
relevant state of the art, discloses the following features of Claim 1 : 
• a method for manufacturing a fibre mat using vegetable fibres (D1 : Herstellung 
eines Vlieses aus Pflanzenfasern); 

where the mat is formed by a dry forming process, whereby the fibres are 
randomly oriented (D1: p. 7, 1.13-15); 

where the plants are harvested by cutting followed up by threshing, where plant 
stems are retted wholly or partially (D1: p.3, 1. 36-37); 

where drying is performed for providing a desired water content (D1 : p7, L8); 
where the mat is fixed (D1: p.7, 1.18-20). 

The subject-matter of Claim 1 differs only from document D1 in that: 

the fibres are shortened and separated for establishing a fibre mass comprising mainly 

single fibres with lengths withing the desired interval between 0.1 and 30 mm. 

Therefore, the subject-matter of Claim 1 , and therefore Claims 2 to 9, appears to be 
new. 

According to the description (see p4, L 13-22), the technical effects obtained by 
shortening and separating the fibers are the fibrillation of the fibres and the obtention of 
single fibres with a minimum of shives. Due to this fibrillation, inter-fibre bonds are 
established in the form of fibre-to-fibre bonds between the single fibres, and 
consequently the formed mat does not need to be needled and the dry-forming process 
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can take place without steam bonding of the fibres and without the use of a binder (see 
p.4, 1.18-24). 

In document D1, the fibres are relatively long (up to 15 cm, see D1: p7, 1. 9) and 
thermoplastic fibres are used in order to assure the bonding of the fibres in the 
nonwoven (D1: p4, 1.12-19 + p7, 1.10-12). Document D1 teaches therefore away the 
possibility of shortening and separating the fibres in order to cause their fibrillation and 
create fibre-to-fibre bonds during the formation of a fibre mat. 

Document D2 discloses a process in which the separation of the fibres from the 
wooden parts (shives) is achieved mechanically (D2: col-1, 1.1-5) and in which flax 
fibres are cut at a length between 2 and 12 mm, preferably between 4 and 8 mm (D2: 
col.1 , 1. 29-40). Nevertheless, this process is not intended to cause the fibrillation of the 
fibres in order to create fibre-to-fibre bonds during the formation of a fibre mat. 

Document D3 discloses a plate of flax fibre felt manufactured by needle bonding a 
carded mat of long fibres (5 to 15 cm). 

Document D5 (cited as an X document) does not suggest any subprocess where the 
fibres are shortened and separated as in the present invention. Moreover, a bond fibre, 
which is a synthetic plastic material such as thermoplastic fibres, is added to the fibres 
before the formation of the web (D5: p.6, 1.14-19). 

Hence, the subject-matter of Claim 1 , and therefore of Claims 2 to 9, appears to involve 
an inventive step. ( 

t 

Claims 10 and 11 

The method according to Claim 1 being new and inventive, the fibre mat manufactured 
according to this method as claimed in claim 10 and its use as claimed in Claim 1 1 also 
appear to be new and inventive. 

2. Industrial applicability 

The subject-matter of Claims 1 to 1 1 appears to be industrial applicable in the sense of 
Article 33(4) PCT. 
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Re Item VII 

According to Rule 5.1 (a)(ii) PCT, the closest prior art document D1 should.be 
mentioned in the description and briefly discussed. 

Re Item VIII 

The present application does not meet the requirements of Article 6 PCT, because the 
subject-matter of the following claims is not clear. 

Claim 1 

The way Claim 1 is worded, it is not clear which steps are part of the pre-treatment of 
the fibres. According to the description, it seems that cutting and threshing (see p5, 1. 4- 
8) as well as shortening and separation of the fibers (see p5, 1.21 ) are all part of the 
pre-treatment of the fibers. 

The disclosure "as inter-fibre bonds fibrillated" is the result of a scutching step (see 

p4, 1.18-22 + p5, I.29-32), which step should be mentioned in the claim since it is 
essential to cause the fibrillation of the fibres. 

Claim 10 

It is not clear what is meant by "the character of a nonwoven". 
Claim 3 

The adjective "possible" is too vague. , : 
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METHOD FOR MANUFACTURING A FIBRE MAT, FIBRE MAT AND USE OF 
SUCH FIBRE MAT 



Background of the invention 

The present invention concerns a method for manufacturing a fibre mat using vegeta- 
ble fibres, where the fibres are pre-treated, and where the mat is formed by a dry 
forming process, whereby the fibres are randomly oriented. More specific, the inven- 
tion concerns a use of flax fibres and hemp fibres for manufacturing fibre mats which 
are made by using fibres which are shortened and separated and which afterwards are 
used for manufacturing the fibre mat. The plant fibres are used as substitute for min- 
eral wool fibres, wooden fibres, wooden cellulose, synthetic fibres etc. 

Furthermore, the invention concerns a fibre mat manufactured by the method accord- 
ing to the invention, as well as the invention also concerns a use of such a fibre mat. 

It is known to use plant fibres by the making of fibre mats. Such were formed by 
carding the fibres. Thereafter a fur is formed and finally a needling is performed for 
making the finished fibre mat. Such a method is connected with several drawbacks. It 
has thus been necessary to have a precise degree of humidity in the flax out of consid- 
eration to the pliability in order to perform the needling process. However, a necessary 
dry condition will result in decomposition of flax fibres and thereby cause dust forma- 
tion and formation of short fibres which very easily could be torn out of the formed 
fibre mat. It has thus been an expensive process, and at the same time there has been a 
risk of dust formation from the formed fibre mat. 

The manufacture of the known carded fibre mats will cause that the fibres are lying in 
separate piles so that there is no strong bonds between the single layers in the fibre 
mat. Furthermore, there is used relatively long fibres, which typically will be between 
100- 150 mm, but may be up to 200 mm. Fibre mats of flax and hemp are made tradi- 
tionally from tow which is a by-product when making long fibres for carding and 
spinning. This takes place at flax scutching mills. The process is expensive and diffi- 
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cult and therefore tow together with long textile fibres from plant fibres, such as flax 
and hemp, are relatively expensive. Furthermore, the known technique has great re- 



: i 'o Maj m 

By a slight retting and subsequent mechanical and possible chemical treatment it is 
possible to decompose the fibre bundles and form single fibres. The single fibres may 
be used performing more airy products than is the case when making products from 
fibre bundles. However, it has been stated that the formed single cell fibres are not 
suitable for making fibre mats by the known needle processes because of the shorten- 
ing into lengths making them unsuitable for carding. 

By the present invention there is focused especially on flax fibres and hemp fibres, but 
the invention may also be used in connection with other plant fibres with a structure 
corresponding to the one known from flax and hemp plants. 

There is a wish of a new method whereby plant fibres, preferably flax fibres and hemp 
fibres, may be utilised for making fibre mats, which is not connected with the draw- 
backs of known carded or needled fibre mats, and which also may be used industrially 
in a long series of products. 

A method in which the carding and needle process has been left out has thus been pro- 
posed previously. From WO 98/01611 there is thus known a method for making a 
fibre product where the fibres are pre-treated with the combination of retting and me- 
chanical decomposition. The formed fibres are afterwards formed to the final product 
by a dry forming process. However, there is no specific indication of subprocesses for 
providing fibres with the properties which are desirable in the final product. Further- 
more, the described method is based on the use of relatively long fibres which may 
have a length corresponding to the fibres from a carding process. Such long fibres may 
cause difficulties in the process steps forming a part of the method. Furthermore, there 
is no direction for harvesting the fibres in an effective way on a suitable process step 
under consideration of the subsequent treatment. 

It is thus an object of the invention to indicate a method for manufacturing a new kind 
of fibre mat and to indicate subprocesses which are advantageous at the providing of 
the fibres with a quality being suitable in the process and which results in final prod- 
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ucts with the desired properties. It is furthermore an object to indicate a fibre mat 
which is made by the method and to indicate a specific use of such a fibre mat. 

The object of the invention is achieved by a method mentioned by way of introduc- 
tion, which method is characterised in the steps where the plants are harvested by cut- 
ting followed up by threshing, where plant stems are retted wholly or partially and is 
then dried for providing a desired water content and thereafter shortened and separated 
for establishing a fibre mass comprising mainly single fibres with lengths within the 
desired interval between 0.1 and 30 mm, and where the mat is fixed, as inter-fibre 
bonds at least partially are established between the single fibres as these are more or 
less fibrillated. 



With this method there is thus established a pre-treatment, where the fibres are short- 
ened and separated for forming a fibre mass mainly containing single fibres with 
lengths within the desired interval with a length being so short that they are not suit- 
able for carding. A shortening may be performed arbitrarily in suitable equipment, as 
the subsequent process do not require carding and thereby do not necessitate a certain 
length of the fibres. By the shortening, a fibrillation takes place which causes that the 
single fibres at the subsequent aty-forming process may form a sheet which is cohe- 
sive without need of a binder, as fibre bundles mesh with each other. Thus there is 
established inter-fibre bonds in the form of fibre-to-fibre bonds between the single 
fibres. The formed mat do not need to be needled and the dry-forming process also 
takes place without steam bonding of the fibres. We are thus speaking of a very simple 
procedure for forming the fibre mat. The formed fibre mat is airy and voluminous and 
may be compacted to the desired degree, depending on the intended use. It will also be 
possible to add binder in a greater or lesser amount depending on the desired use of 
the finished product. 



Traditional harvesting of flax and hemp for textile production takes place by pulling 
which is a slow and work intensive process. After the pulling where all of the plant is 
pulled up, it is laid aside for retting. Subsequently the stems are pressed into bales and 
driven to fibre factory. The seeds are torn off in a scutching mill and the straws are 
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exposure is completely different from the traditional scutching where very long plant 
fibres are produced for carding and sp innin g 

The cleaning of shives from fibres may take place with a rotating riddle or the like. In 
practice it is difficult to clean the fibres completely from shives and fibre dust. How- 
ever, it will be possible to have a lesser part remaining in the fibre mass without this 
reducing the quality of the formed fibre mat. Thus, to a certain extent, shives may be 
used at the subsequent manufacture of the fibre mat. 



For some fibre mats where use of pulping of the plant fibres is desired, for example 
for fibre absorbent, there is performed a further pre-treatment of the fibres before the 
forming of the fibre mat. Pulping may be performed as the fibres are boiled in water 
under pressure or boiled in an extruder. Furthermore, they may be treated chemically, 
for example by adding a base to the water. Thereafter the formed fibres are washed 
and dried before they subsequently are used for dry-forming. Alternatively, there may 
also be performed a wet cleaning of the fibre mass in this manufacturing step. Thus 
the fibres which are cleaned through a riddle and pulped, may be fed to a hydrocy- 
clone, whereby it has appeared to be possible by cleaning to remove a very large part 
of the shives in the finished pulp. It has thus appeared possible to make a pulp which 
only has a content of up to 0.1 % shives. As the shives are removed, the strength is 
increased in the subsequently formed fibre mat, as the fibre mat will contain more 
fibres for fibre bonds, as the fibre mat contains more fibres per area unit, because the 
weight of one shive corresponds to the weight of a large number of fibres. In practice 
it has appeared possible to increase the strength in the finished product by cleaning off 
shives in a hydrocyclone. Because the capacity in the hydrocyclone is low, it is advan- 
tageous to clean off as many shives as possible by the dry process. The subsequent 
treatment/cleaning in a hydrocyclone will thus preferably take place in connection 
with methods where the pre-treatment of the fibres comprises a pulping. 

The formed fibres are then used for forming the fibre mat by a dry-forming process 
which substantially corresponds to a dry-forming process used in the dry-forming of 
paper. 
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The formed single fibres will be more or less fibrillated which increases the tendency 
of the fibres being able to wind and roll into each other. Thus there is automatically 
achieved inter-fibre bonds in the fibre mat. For some application areas it will thus not 
be necessary to add binders. However, it will also be possible to add binders in order 
to form inter-fibre bonds between the single fibres. The appearing fibre mat will thus 
have a homogenous cohesive structure through the whole thickness. 

The binders that can be used may be organic binders, synthetic organic binders, or 
natural binders. As binders may be used polymers, for example thermoplastic. Espe- 
cially at the forming of composite products and high strength products where the 
formed fibre sheet may be said to be a fibre reinforcement situated in a matrix of 
polymers, there may be used relatively large amounts of the binders. In such products 
there will thus be used up to 50% binders in relation to the finished product. 

The binders may also be provided in the form of synthetic fibres, for example bi- 
component fibres consisting of polypropylene and polyethylene, polyester, vinyl etc. 
In such a situation the fixation of the sheet will take place by heating up to the melting 
temperature of the plastic, whereby inter-fibre bonds are established. As examples of 
natural binders can be mentioned starch and lactic acid products. Such binders may be 
added as a part up to 5 -15%. 

The amount and type of binders added will thus depend on the intended use of the 
formed fibre mat. A fibre mat intended for isolation mats will thus contain very little 
or no binder. Contrary to this, a composite sheet, for example, has properties corre- 
sponding to those known from fibre and chip-boards will contain a larger amount of 
binder (10 - 50%), and binder and fibre mat will go through a compression simultane- 
ously with the establishing of the inter-fibre bonds. Hereby a compact and strong sheet 
is formed. 



Furthermore, it will be possible to vary the properties of the formed product by 
changing the length of the fibres in the product. Thus for certain products it will be 
advantageous that a part, for example of 10% or more, of the shives from the separa- 
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CLAIMS 

1. A method for manufacturing a fibre mat using vegetable fibres, where the fibres are 
pre-treated, and where the mat is formed by a dry forming process, whereby the fibres 
are randomly oriented, characterised in the steps where the plants are har- 
vested by cutting followed up by threshing, where plant stems are retted wholly or 
partially and is then dried for providing a desired water content and thereafter short- 
ened and separated for establishing a fibre mass comprising mainly single fibres with 
lengths within the desired interval between 0.1 and 30 mm and where the mat is fixed, 
as inter-fibre bonds at least partially are established between the single fibres as these 
are more or less fibrillated. 

2. A method according to claim l.characterisedin that the pre-treatment com- 
prises a shortening of the fibres to a length between 3 and 20 mm and especially be- 
tween 4 and 15 mm. 

3. A method according to claim lor2, characterisedin that the fibres are retted 
partially on the field and that they afterwards are imparted a possible further controlled 
retting in water containing enzymes before the shortening. 

4. A method according to any preceding claim, characterisedin that the inter- 
fibre bonds are established by the application of organic binders, synthetic organic 
binders or natural binders. <• 

5. A method according to any preceding claim, characterisedin that the fibres 
are selected among flax and hemp. 



6. A method according to any preceding claim, characterisedin that the stems 
are scutched in a hammer mill and shortened to a desired length, that fibres within a 
desired length interval are separated by use of a rotating riddle, that the fibre fraction 
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is diy formed into a mat as the fibres are blown into a forming head disposed above 
forming wire. 
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fremgangsmAde til fremstilling af en fibermAtte, fibermAt- 
te samt anvendelse af en sadan fibermatte. 

Opfindelsens baggrund 

Den foreliggende opfindelse angar en fremgangsmade til fremstilling af en fibermatte 
under anvendelse af plantefibre. Opfindelsen angar mere specifikt en anvendelse af 
h0rfibre og hampefibre til fremstilling af fibermatter, som er fremstillet ved anvendel- 
5 se af fibre, der er afkortet og separeret, og som derefter benyttes til fremstilling af fi- 
bermatten. Plantefibrene anvendes som erstatning af mineraluldsfibre, traefibre, traecel- 
lulose, syntetiske fibre m.v. 

Opfindelsen angar endvidere en fibermatte, der er fremstillet ved fremgangsmaden 
10 ifiedge opfindelsen, ligesom opfindelsen ogsa angar en anvendelse af en sadan fiber- 
matte. 

Det er kendt at anvende plantefibre ved fremstilling af fibermatter. Sadanne blev dan- 
net ved, at fibrene kartes. Derefter dannes en pels og til slut foretages en naling for 

15 fremstilling af den faerdige fibermatte. En sadan fremgangsmade er forbundet med 
flere ulemper. Det har saledes vaeret nedvendigt at have en praecis fugtighedsgrad i 
h0rene af hensyn til smidigheden for at kunne gennemfOTe naleprocessen. Imidlertid 
vil en nodvendig tor tilstand medfiare nedbrydning af harfibre og dermed anledning til 
st0vdannelse og til dannelse af korte fibre, som meget let kunne udrives af den danne- 

20 de fibermatte. Det har saledes vaeret en dyr proces, og samtidig har der vaeret risiko for 
stevudvikling fra den dannede fibermatte. 

Fremstillingen af de kendte kartede fibermatter vil bevirke, at fibrene ligger i adskilte 
flor, saledes at der ikke findes en staerk binding mellem de enkelte lag i fibermatten. 
25 Endvidere anvendes der relative lange fibre, som typisk vil vaere mellem 100 - 150 
mm, men kan vaere op til 200 mm. Fibermatter af h0r og hamp fremstilles traditionelt 
ud fra blar, der er et biprodukt ved fremstilling af lange fibre til kartning og spinding. 
Dette foreg&r pa h0rskaetterier. Processen er dyr og vanskelig, og derfor er blar samt 
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lange tekstilfibre af plantefibre, sa som h0r og hamp, relative dyre. Endvidere stiller 
den kendte teknik store krav til r&varekvalitet, herunder ravarernes r0dningsgrad. 



Herplanter kan have en staengel med en laengde pa mellem 600 og 800 mm. Staenglen 
5 har staerke fiberbundter, der fortober fra rod til top. Disse fiberbundter (taver) er an- 
bragt yderst i staenglen, og i mellemrummet mellem fiberbundterne er der en midter- 
stilk, der bestar af vedceller, som efter fiberfrilaegning giver de sakaldte skaever. 

Hampplanter har staengler, der er betydeligt laengere end h0rplantens staengler. De kan 
10 have laengder op til 2.000 - 3.000 mm. Hampstaenglen er principielt opbygget pa 
samme made som h0r med fiberbundter yderst. Inderst findes de traeholdige vedceller 
(skaever), som bestar af korte fibre med en laengde pa 0,5 - 0,6 mm (elementarfiber- 
laengde). 

15 For at kunne skille h0rfibrene fra veddelene i staenglen ma den underkastes en rad- 
ning, som er en mikrobiologisk proces. Traditionelt foregar denne pa marken ved 
dugradning. Ved radningen nedbrydes hemicellulose og pektin, der sammenbinder 
fibrene og veddelene. Rjadningsgraden er alt afgorende ved fremstillingen af tekstilfi- 
bre til kartning og spinding. Saledes er graensen mellem en velrodnet og overradnet 

20 fiber meget snaever. Dette er en vanskelig proces at styre, da det vil vaere en biologisk 
proces i naturen, der bestemmer kvaliteten. 

Ved den foreliggende opfindelse er der ikke samme krav til specifik radningsgrad. 
Ved processen if0lge den foreliggende opfindelse, er det saledes muligt at anvende en 

25 traditionel radning eller en styret radning, for eksempel i vand tilsat enzymer. Det er 
saledes muligt at frilaegge og anvende fibre fra helt uradnet til staerkt overr0dnet kvali- 
tet afhaengig af anvendelsesformal. Det er saledes muligt at anvende staengler, der er 
uradnet, der er dugradnet pa marken, eller som er radnet ved en styret radning. Efter 
r0dningen og en t0rring udsaettes h0r for mekanisk behandling for at adskille fiber- 

30 bundteme fra skaeveme. De dannede fibre kan afkortes ved overskaering eller klipning 
for at danne de fiberlaengder, som 0nskes. 
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Ved let redning og eflerf0lgende mekanisk og eventuelt kemisk behandling er det mu- 
ligt at nedbryde fiberbundterne og danne enkeltfibre. Enkeltfibrene kan benyttes til 
dannelse af mere luftige produkter end det er tilfaeldet ved fremstilling af produkter ud 
fra fiberbundter. Imidlertid har det vaeret fremfert, at de dannede enkeltcelle fibre ikke 
5 er egnede til fremstilling af fibermatter ved de kendte nalingsprocesser pa grund af 
afkortningen til laengder, som ger dem uegnede til kartning. 



Ved den foreliggende opfindelse er der specielt fokuseret pa h0rfibre og hampefibre, 
men opfindelsen vil ogsa kunne anvendes i forbindelse med andre plantefibre med en 
10 opbygning svarende til den, der kendes fra h0r- og hampeplanter. 

Der eksisterer et 0nske om en ny rnetode, hvormed plantefibre, fortrinsvis h0rfibre og 
hampefibre, kan benyttes til fremstilling af fibermatter, som ikke er forbundet med 
ulempeme ved kendte kartede og nalede fibermatter, og som tillige kan anvendes in- 
1 5 dustrielt i en lang raekke produkter. 

Der har saledes tidligere vaeret foreslaet en fremgangsmade, hvor karte- og naleproces- 
sen har vaeret udeladt. Fra WO 98/01611 kendes saledes en fremgangsmade til frem- 
stilling af et fiberprodukt, hvor fibrene forbehandles ved en kombination af radning 

20 samt mekanisk nedbrydning. De dannede fibre dannes derefter til det endelige produkt 
ved en t0rformningsproces. Der er imidlertid ingen specifik angivelse af delprocesser 
for tilvejebringelse af fibre med de egenskaber, som er 0nskelige i slutproduktet. 
Endvidere er den beskrevne metode baseret pa anvendelse af relative lange fibre, der 
kan have en laengde svarende til fibre fra karteprocessen. Sadanne lange fibre kan give 

25 vanskeligheder i de procestrin, som indgar i fremgangsmaden. Endvidere er der ingen 
anvisning pa et egnet metodetrin til h0Stning af fibrene pa en effektiv made under hen- 
syn til den efterfMgende behandling. 

Det er saledes et formal med opfindelsen at anvise en fremgangsmade til fremstilling 
30 af en ny type fibermatte samt at anvise delprocesser, som er fordelagtige ved tilveje- 
bringelsen af fibrene med en kvalitet som anvendelige i processen, og som giver slut- 
produkter de onskede egenskaber. Det er endvidere et formal at anvise en fibermatte, 
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der er fremstillet ved fremgangsmaden samt at anvise en specifik anvendelse af en 
sadan fibermatte. 



Formalet ifelge opfindelsen opnas med en fremgangsmade, hvor fibrene forbehandles, 
5 idet planterne h0stes ved afskaering samt taerskning, hvor plantestaengler rodnes helt 
eller delvis og derefter afkortes og separeres for etablering af en fibermasse omfatten- 
de stort set enkeltfibre med laengder indenfor det 0nskede interval mellem 0,1 og 30 
mm, hvor terring eventuelt foretages for tilvejebringelse af et onsket vandindhold, 
hvor fibrene orienteres tilfaeldigt, idet matten dannes ved en terformningsproces, og 
10 hvor matten fikseres, idet interfiberbindinger i det mindste delvis etableres mellem 
enkeltfibrene, idet disse er mere eller rnindre fibrillerede. 

Med denne fremgangsmade er der saledes etableret en forbehandling, hvor fibrene 
afkortes og separeres for dannelse af en fibermasse, der indeholder stort set enkeltfibre 

15 med laengder inden for det enskede interval med en laengde, der er sa kort, at de ikke 
vil vaere egnet til kartning. Afkortningen kan ske vilkarligt i egnet udstyr, da den efter- 
folgende proces ikke kraever kartning og dermed ikke n0dvendigg0r en vis laengde pa 
fibrene. Ved afkortningen sker der en fibriilering, hvilket bevirker, at enkeltfibrene 
ved den efterfblgende terformningsproces kan danne en plade, som er sammenhaen- 

20 gende uden behov for binder, idet fiberbundter griber ind i hinanden. Der etableres 
saledes interfiberbindinger i form af fiber-til-fiber bindinger imellem enkeltfibrene. 
Den dannede matte behover ikke at blive nalet, og t0rreformningsprocessen sker ogsa 
uden dampbinding af fibrene. Der er saledes tale om en meget enkel procedure for 
dannelse af fibermatten. Den dannede fibermatte er luftig og volumin0S og kan kom- 

25 paktes til den grad, som enskes, afhaengigt af den tilsigtede anvendelse. Det vil ligele- 
des vaere muligt at tilfere binder i st0rre eller mindre masngde afhaengig af den 0nske- 
de anvendelse af det faerdige produkt. 

Traditionel host af h0r og hamp til tekstilproduktion sker ved ruskning, der er en lang- 
30 sommelig og arbejdskrasvende proces. Efter ruskningen, hvor hele planten traekkes op, 
laegges denne til redning. Efterf0lgende presses staenglerne i bailer og k0res til fiber- 
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fabrik. Pa et skaetteri afrives fraene, og straene bearbejdes ved at placere staenglerne 
parallelt og behandle dem parallelt gennem behandlingsudstyr. 

Til forskel fra ovennaevnte traditionelle h0St med ruskning kan der ved frem- 
gangsmaden ifelge den foreliggende opfindelse etableres en forbehandling/hest af her 
pa en utraditionel made. Dette sker for hor ved, at herplanten afskaeres, for eksempel 
ved, at den skarlaegges, hvorefter hcrfraene taerskes, fortrinsvis ved mejetaerskning. 
Htorstaenglerne ligger i en passende tid efter fr0h0Stning, hvorved der sker radning i 
det omfang dette 0nskes. Hvis der saledes 0nskes herfibre, der er uradnede, bjaerges 
herstraene umiddelbart efter taerskning. Staenglerne bjaerges for presning eller bjaerges 
ved en kombineret snitning og presning. 

Hamp h0stes ved afskaering, for eksempel ved skarlaegning, i to eller flere omgange. 
Saledes kan den ferste afskaering ske med en resterende stub pa ca. 1 m's hejde og 
derefter en skarlaegning med en ca. 0,2 m h0j stub. Efter afskaeringen ligger hamp- 
staenglerne i en passende tid for redning. Derefter presses staenglerne i bailer og snittes 
og terres fiar videre forarbejdning til dannelse af enkelt fibre, saledes som beskrevet 
ovenfor, for eksempel ved afkortning og skaetning i hammermelle/slaglemelle og ef- 
terf0lgende separering i sold, for eksempel roterende sold. 

Forbehandlingen af staenglerne omfatter en afkortning og separering. I praksis har det 
vist sig, at en hammerm0lle er egnet til afkortning og samtidig skaetning af staenglerne. 
Alternativt kan staenglerne vaere snittet fbr hammermellen, saledes som naevnt i for- 
bindelse med hestmetoder. Det har vist sig muligt at holde en h0j kapacitet og en ens- 
artet kvalitet, uanset hvorledes staenglerne indferes i hammermellen. Der er saledes 
ikke behov for en langsommelig parallelfaring af staenglerne, som anvendes pa traditi- 
onelle herskaetterier. 

Skaetningen, det vil sige frigerelsen af veddelene fra fiberbundterne/enkeltfibrene, er 
30 meget effektiv, nar der arbejdes med h0je omdrejningstal pa mellen. Ved denne proces 
afkortes staenglerne, saledes at hovedparten af de dannede fibre har en laengde mellem 
0,1 og 30 mm og fortrinsvis mellem 4 og 15 mm. Denne skaetning eller fiberfrilaeg- 
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ning er helt forskellig fira den traditionelle skaetning, hvor der fremstilles meget lange 
plantefibre til kartning og spinding. 

Rensningen af skaever fra fibre kan forega med roterende sold eller lignende. I praksis 

5 er det vanskeligt at rense fibrene fuldstaendig for skaever og fiberst0v. Imidlertid vil 
det vaere muligt at have en mindre andel som resterer i fibermassen, uden at dette for- 
ringer kvaliteten af de dannede fibermatter. Saledes vil skaevere i en vis udstraekning 
kunne anvendes ved den efterfblgende fremstilling af fibermatten. 

10 Til visse fibermatter, hvor der enskes anvendt en forpulpning af plantefibrene, for ek- 
sempel til fiberabsorbent, foretages en yderligere forbehandling af fibene, inden dan- 
nelse af fibermatten. Forpulpning kan udfores, idet fibrene koges i vand under tryk 
eller koges i en ekstruder. Endvidere kan de behandles kemisk, for eksempel ved til- 
saetning af en base til vandet. Derefter vaskes og terres de dannede fibre, inden de ef- 

15 terf0lgende anvendes til terformning. Alternativt kan der ogsa foretages en vadrens- 
ning af fibermassen i dette fremstillingstrin. Saledes kan fibre, som er renset via sold 
og forpulpet, indfares i en hydrocyklon, hvorved det har vist sig muligt at frarense en 
meget stor andel af skaeverne i den faerdige pulp. Det har saledes vist sig muligt at 
fremstille en pulp, som kun her et indhold indtil 0,1% skaever. Idet skaeverne fj ernes, 

20 0ges styrken i den fibermatte, som efterfolgende dannes, idet fibermatten vil indeholde 
flere fibre til fiberbindinger, idet fibermatten indeholder flere fibre pr. arealenhed, da 
vaegten af en skaever svarer til vaegten af et stort antal fibre. I praksis har det vist sig 
muligt at 0ge styrken i det faerdige produkt ved frarensning af skaever i en hydrocy- 
klon. Da kapaciteten i hydrocyklonen er lav, er det fordelagtigt at frarense sa mange 

25 skaevere som muligt ved den t0rre proces. Efterbehandlingen/rensningen i en hydro- 
cyklon vil saledes fortrinsvis ske i forbindelse med fremgangsmader, hvor forbehand- 
lingen af fibrene omfatter en forpulpning. 

De dannede fibre benyttes derefter til dannelse af fibermatten ved en t0rformningspro- 
30 ces, der i det vaesentlige svarer til en t0rformningsproces, som benyttes ved terform- 
ning af papir. 
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De dannede enkeltfibre vil vaere mere eller mindre fibrillerede, hvilket 0ger tendensen 
til at fibrene er i stand til at vikle og rulle sig ind i hinanden. Der opnas saledes auto- 
matisk interfiberbindinger i fibermatten. Til visse anvendelsesomrader vil det saledes 
ikke vaere n0dvendigt at tilsaette bindemidler. Imidlertid vil det ogsa vaere muligt at 
5 tilsaette bindemidler for dannelse af interfiberbindingerne mellem enkeltfibrene. Den 
fiberm&tte, som fremkommer, vil saledes have en homogen sammenhaengende struktur 
over hele tykkelsen. 

De bindere, som kan anvendes, kan vaere organiske bindere, syntetiske organiske bin- 
10 dere eller naturlige bindere. Som bindere kan anvendes polymerer, for eksempel ther- 
moplast. Isaer ved dannelsen af kompositprodukter og bajstyrkeprodukter, hvor den 
dannede fiberplade kan siges at vaere en fiberfbrstaerkning, der befinder sig i en matrix 
af polymerer, kan der anvendes relative store andele af bindemidlerne. I sadanne pro- 
dukter kan der saledes anvendes op til 50% bindemidler i forhold til det faerdige pro- 
15 dukt. 

Bindemidlerne kan ogsa vaere tilvejebragt i form af syntetiske fibre, for eksempel bi- 
komponentfibre bestaende af polypropylen og polyethylen, polyester, vinyl m.v. I en 
sadan situation vil pladens fiksering ske ved opvarmning til plastens smeltetemperatur, 
20 hvorved interfiberbindinger etableres. Som eksempler pa naturlige bindemidler kan 
naevnes stivelse og maelkesyreprodukter. Sadanne bindemidler kan tilsaettes i en andel 
pa op til 5- 15%. 

Maengden og typen af bindemidler, der tilsaettes, vil saledes afhaenge af den tilsigtede 
25 anvendelse af den dannede fibermatte. En fibermatte, der er beregnet til isoleringsmat- 
te, vil saledes indeholde meget lidt eller intet bindemiddel. I modsaetning hertil vil en 
kompositplade for eksempel egenskaber svarende til dem, som kendes fra fiber- og 
spanplader, indeholde en sterre maengde bindemiddel (10-50%), og bindemiddel samt 
fibermatte vil gennemga en komprimering, samtidig med at interfiberbindingerne 
30 etableres. Herved dannes en kompakt og staerk plade. 
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Endvidere vil det vaere muligt at variere egenskaberne for det dannede produkt ved at 
aendre pa laengderne af fibrene i produktet. Saledes kan det til visse produkter vaere 
fordelagtigt at en andel, for eksempel pa 10% eller mere, af skaeverne fra separations- 
processen tilf0res terformningsprocessen, saledes at der dannes en mere kompakt og 
staerk fibermatte. 



Hvis der enskes fibermatter, der er luftige og btede, tilsaettes der ikke skaevere, og 
samtidig foretages der ikke nogen naevnevaerdig kompaktning af det terformede lag. 
Endvidere vil der til sadanne luftige produkter anvendes plantefibre, fortrinsvis h0rfi- 
10 bre, der er passende radnet, saledes at de efter afkortning og separering indeholder 
mange fibriller, som er medvirkende til at give en sammenhaengende fibermatte, som 
samtidig er luftig. 

Fibermatterne vil ved fremgangsmaden ifelge opfindelsen kunne produceres betyde- 
15 ligt billigere end kartede/nalede fibermatter. Fibrene kan formes til fibermatter med 
tilsaetning af meget lidt bindemiddel i forhold til formning af tilsvarende fibermatter 
dannet af traefibre pa grund af den st0rre fiberlaengde for de afkortede plantefibre. Sa- 
ledes vil traefibre typisk have en laengde mellem 1 og 3 mm, hvilket er vaesentligt for- 
skelligt fra den typiske laengde af plantefibrene, der som naevnt ovenfor isaer vil vaere 
20 mellem 4 og 15 mm. 

Som naevnt kan fibermatten fremstilles uden anvendelse af bindemiddel eller med en 
meget lille maengde bindemiddel. Ved fremstilling af fibermatter til isoleringsformal 
vil en tilsaetning af bindemiddel i en andel pa 0 - 15%, fortrinsvis pa 2 - 3%, vaere nok 
25 til at etablere en sammenhaengende fibermatte af har- og hampefibre, som er let at 
handtere. Til sammenligning vil en tilsvarende isoleringsplade fremstillet af traefibre 
normalt indeholde 15 - 20% bindemiddel, hvilket er fordyrende for produktet. 

Fibermatterne kan som naevnt fremstilles luftige og bl0de ved anvendelse af radnede 
30 fibre, som giver mange fibriller ved afkortningen/separationen. Hvis plantefibrene kun 
er let radnet eller uradnet, vil mange af plantefibrene stadig vaere sammenhaengende i 
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fiberbundter. Dette giver en mere hard og grov fibermatte, idet den dannede fibermas- 
se vil indeholde en forholdsvis st0rre andel af fiberbundter end enkeltfibre. 

En fibermatte, der indeholder fiberbundter, vil vaere mindre btod og taet. Imidlertid er 

5 fiberstyrken i en sadan fibermatte sterre. Dette vil g0re den egnet til fremstilling af 
plader, hvor der stilles sterre krav til styrke. Ved at regulere forbehandlingen i form af 
radningsgrad, eventuelt kombinere med kemisk og/eller enzymatisk behandling, vil 
det saledes ogsa vaere muligt at pavirke egenskaberne i den dannede fibermatte. 

10 Egenskaberne i fibrene kan saledes kombineres afhaengigt af anvendelsesomradet. 

Fiberbundteme vil omfatte nogle fa enkeltfibre eller op til maksimalt 10-30 enkelt- 
fibre. 

15 Fibermatterne vil almindeligvis vaere fremstillet af fibre, som er hydrofobe, idet fibre 
fra har og hamp i st0rre eller mindre grad er hydrofobe. En hydrofob fibermatte dan- 
nes saledes ved anvendelse af fibre, der kun er behandlet mekanisk (ikke kemisk). Det 
vil sige, staenglerne er rednet i kortere eller laengere tid og t0rret ned til et vandindhold 
mellem 8 - 18%, fortrinsvis mellem 10 - 16%. Graden af hydrofobitet afhaenger af 

20 ravarekvaliteten. Jo kraftige r0dning jo mindre grad af hydrofobitet. Fibrene kan ab- 
sorbere fugt fra omgivelserne og afgive fugten igen og vil vaere bestandig overfor rad 
og angreb af skimmelsvampe ved normal luftfugtighed. 

Alternativt vil det ogsa vaere muligt at fremstille fibermatter, hvor fibrene er gjort hy- 
25 drofile. Det er saledes muligt at forbehandle fibrene via en forpulpning eller en en- 
zymbehandling, en vaskning og en t0rring for at videreforarbejde fibrene til cellulose. 
Dette kan ske ved en kogning i vand under tryk eller ved kogning i ekstrudere. En 
sadan forbehandling kan udf0res med eller uden tilsaetning af pulpningskemikalier, 
som for eksempel natriumhydroxid. 



30 




10 



En fibermatte, der er fremstillet efter en sadan fremgangsmade, kan for eksempel an- 
vendes hvor der er behov for absorberende effekt, som for eksempel hygiejnebind, 
bleer, tissue-papir m.v. 



5 Torformningsprocessen gor det muligt at fremstille fibermatten med storre eller min- 
dre grad af kompaktning og med storre eller mindre tykkelse. Det vil saledes vasre 
muligt at fremstille fibermatterne med tykkelser fra 2 - 5 mm og op til tykkelser pa 2 - 
300 mm eller endda tykkere. De dannede fibermatter kan fremstilles med kompakt- 
ning fra gramvaegte pa 30 g/m 2 til gramvaegte pa 3000 g/m 2 eller mere. For eksempel 

10 kan matter til brug i formstobte kompositelementer fremstilles med gramvaegte pa op 
til 8000 g/m 2 . 

Endvidere vil det ved fremstillingen af fibermatten vaere muligt at iblande papiruld, 
bindemidler (syntetiske fibre eller organiske bindemidler), skasver fra nor eller hamp, 
15 traefibre eller iblande brandhasmriingsmidler ved fremstilling af isoleringsmatter med 
brandhasmmende egenskaber. De dannede fibermatter kan saledes tilsaettes brand- 
haemmende stoffer, som for eksempel salte som boraks og borsyre, aluminiumhydro- 
xid, ammoniumfosfat, ammoniumsulfat eller andre, for eksempel i maengder pa 0 - 
15% af hele martens vaegt. 

20 

Ved fremstilling af fibermatter i en luftig form vil de saledes kunne anvendes som 
isoleringsmatter til erstatning for isoleringsmatter fremstillet af mineraluld og glasuld. 
De dannede fibermatter kan endvidere anvendes som byggeplader, som erstatning for 
fiber- og spanplader ved at tilf0re skaevere, bindemidler og foretage en presning af den 
25 dannede fibermatte. 

Fibermatten, som er dannet ved en fremgangsmade ifialge opfindelsen, kan indeholde 
op til 100% af hfjrfibre eller hampefibre eller en kombination af disse fibre. Endvidere 
kan fibermatterne fremstilles med iblanding af andre fibre, som kan vaere organiske 
30 eller uorganiske. Selv om det af okonomiske grunde foretraskkes at fremstille fiber- 
matterne udfra plantefibre, der er dannet ved fremgangsmaden if0lge opfindelsen, vil 
det ogsa vaere muligt at benytte plantefibre, der er dannet til lange fibre, sakaldt blar. 
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Det vil saledes vaere muligt at anvende blar fra tekstilindustrien stammende fra savel 
h0v som hamp, og hvor blaren, for eksempel i hammermeller, afkortes til de enskede 
fiberlaengder inden formningen af fibermatten ved terformningsprocessen. 

5 De fibre, som kan benyttes ved fremgangsmaden if0lge opfindelsen, kan have forskel- 
lige sammensaetninger: 

- afkortede fibre, der er radnet eller urodnet, bestaende af renset hor- pg/eller hampefi- 
bre iblandet op til 10% skaever, 

- afkortede fibre, der er rednet eller uradnet, primaert som enkeltfibre, bestaende af 
10 h0r- og/eller hampefibre iblandet skaevere fra hen: og/eller hamp med op til 90% skae- 

vere, 

- korte fibre, der er radnet eller uradnet, primaert som fiberbundter og skaever fra h0r 
og/eller hamp, 

- frarensede skaever af har og/eller hamp, eller 

1 5 - frarenset st0vfraktion bestaende af meget korte fibre samt skaevere. 

Fiberkvaliteten vil afhaenge af de enskede egenskaber ved det dannede slutprodukt. 
Ved en fordelagtig fremgangsmade til fremstilling af fibermatter, der er egnet som 
isoleringsmatter, terres plantestaenglerne til et vandindhold, der er mellem 10 og 16%. 

20 Derefter skaettes og afkortes staenglerne i en hammerm0lle, saledes at hovedparten af 
fibrene fortrinsvis har en laengde mellem 3 og 20 mm, hvor fibrene vil have en gen- 
nemsnitslaengde mellem 4 og 15 mm. Dette sker fordelagtigt ved anvendelse af et rote- 
rende sold. Derefter torformes fibrene, hvilket fortrinsvis sker ved anvendelse af et 
formerhoved, der er placeret over en vakuumkasse, hvorimellem der er anbragt en 

25 formerwire, hvorpa fibrene aflejres og fastholdes af et vakuum. Fikseringen sker ved 
en kompaktning samt tilforing af 0 - 5% bindemiddel. Alternativt kan der dog anven- 
des op til 50% bindemiddel, hvis der stilles saerlige store krav til den dannede fiber- 
mattes handterbarhed. 

30 En fibermatte, som dannes ved fremgangsmade if0lge opfindelsen, behever ikke vaere 
en plan plade. Saledes vil det vasre muligt, at der foretages en slutbehandling samtidig 
med fikseringen eller i umiddelbar tilknytning til fikseringen af interfiberbindingerne. 
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Saledes vil det vaere muligt at bibringe fibermatten en rumlig form, for eksempel en 
onduleret form, som ger den egnet som forstaerkningsfibre i en kompositplade, for 
eksempel en hiajstyrke-kompositplade eller en formbar kompositplade. Altemativt kan 

fibermatten tildannes, sa den far form som en emsket emballage, for eksempel en kas- 

5 seform eller et baegerform. Saledes vil en fibermatte, der er formstabil og fast, kunne 
anvendes ved fremstilling af emballageprodukter eller plantepotter. Selve emballa- 
gen/plantepotten kan dannes ved en presseoperation i umiddelbar tilknytning til fikse- 
ringstrinnet. 

1 0 Fremgangsmaden samt fibermatten if0lge opfindelsen vil blive beskrevet naermere ved 
hjaelp af efterfedgende eksempler. 

Eksempel 1. 

Dette eksempel illustrerer en fremgangsmade til fremstilling af en fibermatte af her til 
15 anvendelse som isoleringsmatter til erstatning for mineraluld. Savel stra fra her, bade 
olie- og spindfoar, samt hamp kan anvendes. De bedste fibre fas fra spindhor, der er 
velrodnet samt evt. hamp, safremt den er radnet tilstrakkeligt. Her er givet et eksem- 
pel med fremstilling af fibermatter til isolering pa basis af spindlier: 

20 Herstraet skarlaegges og efter ca. 10 dage pa skar mejetaerskes freene med en almin- 
delig mejetasrsker. Herefter ligger halmstraet i en halmstreng/skar pa marken og red- 
ner. Radningsprocessen kan felges ved at konstatere farveskift i straet. Den enskede 
radningsgrad er opnaet, nar farven pa straet/fibrene skifter til lysgri. Det kan komme 
pa tale at vende skaret for at sikre en ensartet redning. 

25 

R0dningsprocessen felges neje, og der udtages daglig prever for at konstatere hvor 
langt fremskreden rodningsprocessen er i handskasttede stra. 



30 



Nar det anskede farveskift er indtradt bjerges halmen ved presning i bailer, heist rund- 
baller, normalt sker dette ved et tiarstofindhold pa ca. 85% i halmen (15 % vand). 




13 

Ballerne transporters til fabrikken, hvor de terres ned til 12% vandindhold. Efter 
nedterring oprulles/oprives ballen, og herstraet f0res ind i hammermellen, hvor skaet- 
ningen foregar. Fra mellen feres fibermassen, der nu bestar af savel fibre som vedde- 
le/skaevere via cyklon over i et roterende sold, hvorved skaeverne samt st0v sorteres 
5 fra. Den nu uldne fibermasse har en gennemsnitslasngde pa ca. 4 - 15 mm. En del fibre 
er dog laengere. Fiberlaengden kan til en vis grad tilpasses ved at regulere soldet pa 
hammermellen samt ved at regulere indstillingen af soldet ved den efterfelgende sor- 
tering pa det roterende sold. Normalt renses fibrene indtil et indhold pa 5% skaever. 
Ved yderligere rensning opnas et forholdsmaessigt sterre tab af fibre. 

10 

Den rensede fibermasse transporteres via tot til matteanlaegget, hvor der sker en t0r- 
formning. Dette sker for eksempel ved anvendelse af et formerhoved, der er placeret 
over en vakuumkasse, hvorimellem der er anbragt en formerwire, hvorpa fibrene aflej- 
res og fastholdes af et vakuum. Matteanlaegget indstilles til at forme en fibermat- 
15 te/matte i den enskede hejde. Dette reguleres vha. hastigheden hvorved fiberfeder 
(balebreaker) doseres via transportblaeser til formerhoved. Samtidig reguleres frem- 
kerselshastigheden pa wire. 

0nskes fremstillet en matte til brug som isolering af lofter og vaegge m.v. reguleres 
20 h0jden pa fibermatten til for eksempel 200 mm med en 0nsket gramvaegt pa for ek- 
sempel 3000 g/m 2 . Til visse isoleringsformal 0nskes en sa let fibermatte som muligt, 
under disse forhold bliver fibermatten ikke kompaktet. 

0nskes fremstillet en fibermatte, der er mere kompakt og evt af mindre hejde foregar 
25 det ved at regulere grad af kompaktning af fibermatten f0r 5 efter eller under en even- 
tuel fiksering, der fortrinsvis foretages i ovn. 

Under processen hvor fibrene drysser ud pa formerwirer og feres frem tilferes 2- 3% 
binder for eksempel i form af en bikomponent bestaende af polyethylen og polypropy- 
30 len. Fiksering af fibermatten sker ved en varmebehandling i ovn ved ca. 145°C eller 
anden temperatur afhaengig af bindertype, det vil sige fibermatten feres via formerwire 
gennem en ovn med den enskede temperatur. 
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Under processen (inden fiksering i ovn) tilfores evt. brandhaemmende stoffer som for 
eksempel salte som boraks (0-15%), borsyre (0-15%), aluminiumhydroxid (0-15%) 
eller andre. Saltene kan drysse ned i fibrene eller de kan sprejtes pa fibrene. 



5 Efter fiksering af fibermatten miles den op via en opruller og emballeres eller udskae- 
res. Under denne proces kan fibermatten rulles hardt sammen. Ved oprulning opnar 
fibermatten samme st0rrelse og volumen som inden oprulning, idet fibermatten puffer 
op. 

10 Den faerdige fibermatte er blad og smidig. Farven vil afhaengig af r0dningsgrad vaere 
gullig/lys gra til mcrkere gra. Fibermatten vil kunne fremstilles til en billigere pris end 
de gaengse nale-kartede fibermatter. Fibermatten har en varmeisolering svarende til en 
lambdavaerdi pa -0,40. Umiddelbart skyer fibermatten fiigt pa grund af hydrofobe 
egenskaber, men fibermatten er dog i stand til at optage og afgive fugt med omgivel- 

15 serne. 



Eksempel 2. 

Dette eksempel illustrerer en metode til fremstilling af fibermatte pa basis af hOTcellu- 
lose til brug i tissueindustrien som for eksempel absorberende papir eller som cover 
20 stocks. 

Fibrene fremstilles som overfor i eksempel 1. beskrevet inden matteformning. Red- 
ningsgrad kan vaere fra helt urednede til kraftigt radnede fibre. De nu rensede uldne 
fibre udsaettes for en forpulpning. Dette kan ske ved kogning i vand under tryk eller 
25 ved kogning i ekstruder. Forbehandlingen gennemferes med eller uden tilsaetning af 
pulpningskemikalier for eksempel kaustisk soda (natriumhydroxid). Behandling i eks- 
truder kan fortebe ved relativt hejt t0rstofhiveau, ca. 10%, men ogsa ved lavere t0r- 
stofprocent. 

30 Anvendes ekstruderbehandling foregar impraegnering af fibrene samtidig med en op- 
skaering af fibermassen. Efter ekstruderbehandling f0res fibermassen over i en behol- 
der, og koges ca. 1. time ved knap 100°C. EfterfWgende vaskes pulpen for sukker- og 
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ligninrester. Fibermassen bestar nu af en homogen fordeling af fibre i en opslemning, 
der indeholder fra 0 - 5% urenheder primaert stammende fra skaeverne. Disse kan fra- 
renses via en centricleaning i hydrocyklon. Pulpen kan eventuelt forud for rensning i 

hydrocyklon raffineres i en refiner, hvis der emskes en fibrillering af fibrene. For ek- 

5 sempel en skiveraffnw, "wide angle"- refiner eller for eksempel en skaeremelle. 

Pulpen af her bestar efter forpulpning af naesten ren cellulose med et indhold pa 80 - 
95% cellulose. Terstofudbyttet er mellem 75 - 90%. Fiberlaengdefordelingen er malt 
med Bauer McNett index mellem 200 - 300, fortrinsvis mellem 240 - 280. Styrken i 
1 0 horcellulosen er malt i Nm/mW fra 1 00 - 1 60 eller mere. 

0nskes bleget pulp kan tilsaettes 2% peroxid og der opnas en lyshed pa ca. 75 
(Bligthness). 

15 Den faerdige pulp t0rres og defibreres i en slaglemolle/hammerrrualle, safremt fibrene 
enskes helt defibreret inden fonrining til fibermatte. Formning foregar som beskrevet i 
eksempel 1, men der fremstilles en tyndere matte afhaengig af anvendelsesformal som 
for eksempel ved anvendelse til absorberende papir til brug i bind og lignende (ca. 70- 
ca. 200g/m 2 ) En meget tynd matte (20 g/m 2 ) vil kunne anvendes som coverstock ved 

20 iblanding af ca. 1 5% eller mindre hydrofobe bindere. 

Produkteme er selv uden blegning af pulpen meget lyse fra lysgra til hvidlig. 
Eksempel 3. 

25 Dette eksempel illustrerer en metode til fremstilling af formstobte kompositter pa ba- 
sis af fibermatten af hamp eller heir. 

Som udgangspunkt for at opna en fiberplade af h0j styrke er det muligt at anvende 
forholdsvis urodnede fibre evt. iblandet skaevere. Fiberstyrken i ur0dnede til let red- 
30 nede fibre er hojere end for stasrkt r0dnede fibre. Savel h0r som hamp vil vaere veleg- 
net ramateriale grundet fibrenes luye styrke. De frarensede veddele, skasver, vil ogsa 
kunne anvendes til kompositter svarende til spanplader. 
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Fibermatten fremstilles som overfor i eksempel 1. beskrevet inden matteformning. Der 
fremstilles en fibermatte af ensket hojde og gramvaegt, for eksempel 300 g/m 2 . Fiber- 
matten er ved anvendelse af forholdsvis uradnet h0r eller hamp meget stiv og hard. 
Indholdet af skaever kan tilpasses efter onske. Jo h0jere indhold desto stivere matte 
5 inden formstebning. 

Under mattefremstillingen pasprajtes en sakaldt plantefibercompatiliser, det vil sige en 
kemisk modifikation med for eksempel isocyanat ( ca. 1 - 2%) for at sikre de hydro- 
fobe fibre far en overflade, der er forenelig med traditionelle bindere, sasom formalde- 
10 hyd mil., der anvendes som binder i fiberpladen. I stedet for tilsaetning af formalde- 
hyd kan EVA (evanylacetat) eller naturlige bindemidler vaere en mulighed. 

Ligeledes belimes fibrene inden, under eller umiddelbart efter mattefremstillingen 
eller umiddelbart efter inden presning ved varme, vakuum eller autoklave/st0bning, 
15 som de traditionelle metoder til fremstilling af fiberplader og spanplader. 

De formst0bte kompositter baseret pa h0r- eller hampefibre har en styrke pa linie med 
hard masonit. 

20 0nskes fremstillet en h0jarmeringskomposit anvendes en st0rre andel organiske bin- 
dere sasom syntetiske polymere, der omfatter termoplaster og haerdeplaster for eksem- 
pel polypropylen, polylactat og polyester. Der tilsaettes ca. 50% binder. Tilsaetning af 
binder foregar under mattefremstillingen, og fibermatten h0jtrykspresses efterfelgen- 
de til de 0nskede faconer. Forming forl0ber som beskrevet imder eksempel 1. 

25 

H0jarmeiingskompositterne har en styrke pa h0jde med glasfiber, og er anvendelige 
som erstatning for plastkompositter og glasfiberkompositter. 



15 
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PATENTKRAV 

1. Fremgangsmade til fremstilling af en fibermatte under anvendelse af plantefibre, 
hvor fibrene forbehandles, idet planterne h0Stes ved afskaering samt taerskning, hvor 

5 plantestaengler r0dnes helt eller delvis og derefter afkortes og separeres for etablering 
af en fibermasse omfattende stort set enkeltfibre med laengder indenfor det tmskede 
interval mellem 0,1 og 30 mm, hvor terring eventuelt foretages for tilvejebringelse af 
et ensket vandindhold, hvor fibrene orienteres tilfaeldigt, idet marten dannes ved en 
torformningsproces, og hvor marten fikseres, idet interfiberbindinger i det mindste 

1 0 delvis etableres mellem enkeltfibrene, idet disse er mere eller mindre fibrillerede. 

2. Fremgangsmade if0lge krav 1, k e n d e t e g n e t ved, at forbehandlingen omfatter 
en afkortning af fibrene til en lasngde mellem 3 og 20 mm og isaer mellem 4 og 15 



mm. 



3. Fremgangsmade ifolge krav 1 eller 2,kendetegnet ved, at fibrene rednes del- 
vis pa marken, og at de derefter bibringes en eventuel yderligere styret radning i vand 
tilsat enzymer inden afkortningen. 

20 4. Fremgangsmade ifolge et hvilket som heist af de foregaende krav, k e n d e t e g - 
n e t ved, at interfiberbindingerne etableres ved paforing af organiske bindere, synteti- 
ske organiske bindere eller naturlige bindere. 

5. Fremgangsmade ifolge et hvilket som heist af de foregaende krav, kendeteg- 
25 net ved, at fibrene vaelges blandt hen: og hamp. 

6. Fremgangsmade ifelge et hvilket som heist af de foregaende krav, k e n d e t e g - 
net ved, at staenglerne i en harnmernujlle skaettes og afkortes til 0nsket laengde, at 
fibre indenfor ensket laengdeinterval separeres ved anvendelse af et roterende sold, at 

30 fiberfraktionen terformes til en matte, idet fibrene indblaeses i et formerhoved, der er 
anbragt over en formerwire. 
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7. Fremgangsmade if0lge et hvilket som heist af de foregaende krav, kendeteg- 
n e t ved, at den dannede matte fikseres ved tilforsel af mellem 0 og 50% binder. 

8. Fremgangsmade ifelge et hvilket som heist af de foregaende krav, k e n d e t e g - 
net ved, at den dannede matte indeholder mellem 0 og 10% skaever. 

9. Fremgangsmade if0lge krav l,kendetegnet ved, at afkortning og separation af 
fibre foretages i tor tilstand, og at forbehandlingen omfatter, at fibrene forpulpes, idet 
fibrene koges i rent vand under tryk eller koges i en ekstruder, at de behandles kemisk, 
for eksempel ved tilsastning af base, at de vaskes, og at de t0rres inden de dannede 
fibre t0rformes. 



10. Fibermatte fremstillet ved en fremgangsmade if0lge et hvilket som heist af de 
foregaende krav, kendetegnet ved, at den har karakter som en non-woven matte 
15 og er fremstillet med tykkelser mellem 2 og 300 mm og med gramvaegte mellem 30 og 



8000 g/m 2 . 



11. Anvendelse af en fibermatte fremstillet ved en fremgangsmade if0lge et hvilket 
som heist af kravene 1-9 som isoleringsmatte, som absorberende fibermatte, som ele- 
20 ment i formst0bt kompositprodukt eller som element i et hojarmeringskompositpro- 
dukt. 
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SAMMENDRAG 

FREMGANGSMADE til fremstilling af en fibermAtte, fibermAt- 

TE SAMT ANVENDELSE AF EN SADAN FIBERMATTE. 

Der beskrives en ny metode til fremstilling af fibermatter under anvendelse af plante- 
fibre, fortrinsvis fra her og hamp. 

Fibrene forbehandles og afkortes, hvorefter de separeres for etablering af en fibermas- 
se omfattende enkeltfibre med laengder inden for et onsket interval. Herefter fremstil- 
les fibermatten ved en terformningsproces, idet fibrene orienteres tilfaeldigt i fibermat- 
ten. T0rformningsprocessen vil fortrinsvis ske ved anvendelse af et formerhoved, der 
er placeret over en vakuumkasse, idet fibrene aflejres pa en formerwire imellem disse 
to elementer. Pladen fikseres, idet der etableres interfiberbindinger mellem enkelt- 
fibrene. Interfiberbindingerne kan etableres med eller uden anvendelse af bindemidler. 

De dannede fibermatter vil vasre abne og luftige men samtidig tilstraskkelig stabile og 
sammenhaengende til handtering. Et anvendelsesomrade for fibermatten vil vaere til 
isoleringsformal. 
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METHOD FOR MANUFACTURING A FIBRE MAT, FIBRE MAT AND USE OF 
SUCH FIBRE MAT 

Background of the invention 

5 The present invention concerns a method for manufacturing a fibre mat using plant 
fibres. More specific, the invention concerns a use of flax fibres and hemp fibres for 
manufacturing fibre mats which are made by using fibres which are shortened and 
separated and which afterwards are used for manufacturing the fibre mat. The plant 
fibres are used as substitute for mineral wool fibres, wooden fibres, wooden cellulose, 
1 0 synthetic fibres etc. 

Furthermore, the invention concerns a fibre mat manufactured by the method accord- 
ing to the invention, as well as the invention also concerns a use of such a fibre mat. 

15 It is known to use plant fibres by the making of fibre mats. Such were formed by 
carding the fibres. Thereafter a fur is formed and finally a needling is performed for 
making the finished fibre mat. Such a method is connected with several drawbacks. It 
has thus been necessary to have a precise degree of humidity in the flax out of consid- 
eration to the pliability in order to perform the needling process. However, a necessary 

20 dry condition will result in decomposition of flax fibres and thereby cause dust forma- 
tion and formation of short fibres which very easily could be torn out of the formed 
fibre mat. It has thus been an expensive process, and at the same time there has been a 
risk of dust formation from the formed fibre mat. 

25 The manufacture of the known carded fibre mats will cause that the fibres are lying in 
separate piles so that there is no strong bonds between the single layers in the fibre 
mat. Furthermore, there is used relatively long fibres, which typically will be between 
1 00 - 150 mm, but may be up to 200 mm. Fibre mats of flax and hemp are made tradi- 
tionally from tow which is a by-product when making long fibres for carding and 

30 spinning. This takes place at flax scutching mills. The process is expensive and diffi- 
cult and therefore tow together with long textile fibres from plant fibres, such as flax 
and hemp, are relatively expensive. Furthermore, the known technique has great re- 
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quirements to the quality of raw materials, including the degree of retting of the raw 
materials. 

Flax plants can have a stem with a length between 600 and 800 mm. The stem has 
5 strong fibre bundles running from root to top. These fibre bundles (fibres) are disposed 
outermost in the stem, and in the interspace between the fibre bundles there is a central 
stalk consisting of wood cells which after exposure of fibres gives the so-called strives. 

Hemp plants have stems which are considerably longer than the stem of the flax 
10 plants. They may have lengths up to 2,000 - 3,000 mm. In principle, the hemp stem is 
build up in the same way as flax with the fibre bundles outermost. Innermost is situ- 
ated the wood containing wood cells (shives) consisting of short fibres with a length of 
0.5 - 0.6 mm (elementary fibre length). 

15 In order to separate the flax fibres from the wood fibres in the stem, it has to be sub- 
jected to a retting which is a microbiological process. Traditionally this takes place on 
the field by dew-retting. By the retting hemicellulose and pectin binding together the 
fibres and the wood parts are decomposed. The degree of retting is all decisive in the 
making of textile fibres for carding and spinning. Thus the border between a well ret- 

20 ted and over retted fibre is very narrow. This is a difficult process to control because it 
will be a biological process in the nature that determines the quality. 

By the present invention there is not the same requirement to a specific degree of ret- 
ting. By the process according to the present invention it is thus possible to use a tra- 

25 ditional retting or a controlled retting, for example in water containing enzymes. It is 
thus possible to expose and use fibres from a completely un-retted to a strongly over- 
retted quality depending on the purpose of use. It is thus possible to use stems that are 
not retted, which have been dew-retted on the field, or which have been retted by a 
controlled retting. After the retting and drying, flax is subjected to a mechanical treat- 

30 ment for separating the fibre bonds from the shives. The formed fibres may be short- 
ened by cutting in order to form the desired lengths of fibre. 
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By a slight retting and subsequent mechanical and possible chemical treatment it is 
possible to decompose the fibre bundles and form single fibres. The single fibres may 
be used performing more airy products than is the case when making products from 
fibre bundles. However, it has been stated that the formed single cell fibres are not 
5 suitable for making fibre mats by the known needle processes because of the shorten- 
ing into lengths making them unsuitable for carding. 

By the present invention there is focused especially on flax fibres and hemp fibres, but 
the invention may also be used in connection with other plant fibres with a structure 
10 corresponding to the one known from flax and hemp plants. 

There is a wish of a new method whereby plant fibres, preferably flax fibres and hemp 
fibres, may be utilised for making fibre mats, which is not connected with the draw- 
backs of known carded or needled fibre mats, and which also may be used industrially 
15 in a long series of products. 

A method in which the carding and needle process has been left out has thus been pro- 
posed previously. From WO 98/0161 1 there is thus known a method for making a fi- 
bre product where the fibres are pre-treated with the combination of retting and me- 

20 chanical decomposition. The formed fibres are afterwards formed to the final product 
by a dry forming process. However, there is no specific indication of subprocesses for 
providing fibres with the properties which are desirable in the final product. Further- 
more, the described method is based on the use of relatively long fibres which may 
have a length corresponding to the fibres from a carding process. Such long fibres may 

25 cause difficulties in the process steps forming a part of the method. Furthermore, there 
is no direction for7 harvesting the fibres in an effective way on a suitable process step 
under consideration of the subsequent treatment. 

It is thus an object of the invention to indicate a method for manufacturing a new kind 
30 of fibre mat and to indicate subprocesses which are advantageous at the providing of 
the fibres with a quality being suitable in the process and which results in final prod- 
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ucts with the desired properties. It is furthermore an object to indicate a fibre mat 
which is made by the method and to indicate a specific use of such a fibre mat. 

The object of the invention is achieved by a method where the fibres are pre-treated as 
5 the plants are harvested by cutting and threshing, where the plant stems are retted 
wholly or partially and thereafter shortened and separated for establishing a fibre mass 
comprising largely single fibres with lengths within the desired interval between 0.1 
and 30 mm, where drying is possibly performed for providing a desired water content, 
where the fibres are randomly oriented as the mat is formed by a dry forming process, 
10 and where the mat is fixed as inter-fibre bonds at least partially are established be- 
tween the single fibres as these are more or less fibrillated. 

With this method there is thus established a pre-treatment, where the fibres are short- 
ened and separated for forming a fibre mass mainly containing single fibres with 

15 lengths within the desired interval with a length being so short that they are not suit- 
able for carding. A shortening may be performed arbitrarily in suitable equipment, as 
the subsequent process do not require carding and thereby do not necessitate a certain 
length of the fibres. By the shortening, a fibrillation takes place which causes that the 
single fibres at the subsequent dry-forming process may form a sheet which is cohe- 

20 sive without need of a binder, as fibre bundles mesh with each other. Thus there is 
established inter-fibre bonds in the form of fibre-to-fibre bonds between the single 
fibres. The formed mat do not need to be needled and the dry-forming process also 
takes place without steam bonding of the fibres. We are thus speaking of a very simple 
procedure for forming the fibre mat. The formed fibre mat is airy and voluminous and 

25 may be compacted to the desired degree, depending on the intended use. It will also be 
possible to add binder in a greater or lesser amount depending on the desired use of 
the finished product. 

Traditional harvesting of flax and hemp for textile production takes place by pulling 
30 which is a slow and work intensive process. After the pulling where all of the plant is 
pulled up, it is laid aside for retting. Subsequently the stems are pressed into bales and 
driven to fibre factory. The seeds are torn off in a scutching mill and the straws are 
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processed by placing the stems in parallel and treating them in parallel through proc- 
essing equipment. 

As a difference from the above-mentioned traditional harvest with pulling, by the 
5 method according to the present invention there may be established a pre- 
treatment/harvest of flax in an untraditional way. This takes place for flax by cutting 
off the flax plant, for example by laying it in swaths, where after the flax seeds are 
threshed, preferably by combined harvesting. The flax stems lie a suitable time after 
the harvest of seeds whereby retting takes place to the desired extent. Thus, if un- 
1 0 retted flax fibres are desired, the flax straws are gathered immediately after threshing. 
The stems are gathered for pressing or gathered by a combined cutting and pressing. 

Hemp is harvested by cutting, for example by laying in swaths, in two or more rounds. 
Thus, the first cutting may take place with a remaining stubble of about 1 m in height 
15 and thereafter a laying swaths with a stubble of about 0.2 m in height. After being cut 
off, the hemp stems are lying a suitable time for retting. Then the stems are pressed 
into bales and cut and dried before further processing for forming single fibres as de- 
scribed above, for example by shortening and scutching in a hammer mill/beater mill 
and subsequent separation in a riddle, for example a rotating riddle. 

20 

The pre-treatment of the stems comprises shortening and separation. In practice it has 
appeared that a hammer mill is suitable for shortening and simultaneous scutching of 
the stems. Alternatively, the stems may be cut before the hammer mill as mentioned in 
connection with harvesting methods. It has appeared to be possible to keep a high car 
25 pacity and a uniform quality irrespectively how the stems are fed into the hammer 
mill. There is thus not a need for a slow feeding in parallel of the stems used on tradi- 
tional flax scutching mills. 

The scutching, that is the liberating of the wood parts from the fibre bundles/single 
30 fibres, is very effective when working with high rpm's on the mill. With this process 
the stems are shortened so that the main part of the formed fibres have a length be- 
tween 0.1 and 30 mm and preferably between 4 and 15 mm. This scutching or fibre 
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exposure is completely different from the traditional scutching where very long plant 
fibres are produced for carding and spinning. 

The cleaning of shives from fibres may take place with a rotating riddle or the like. In 
5 practice it is difficult to clean the fibres completely from shives and fibre dust. How- 
ever, it will be possible to have a lesser part remaining in the fibre mass without this 
reducing the quality of the formed fibre mat. Thus, to a certain extent, shives may be 
used at the subsequent manufacture of the fibre mat. 

1 0 For some fibre mats where use of pulping of the plant fibres is desired, for example for 
fibre absorbent, there is performed a further pre-treatment of the fibres before the 
forming of the fibre mat. Pulping may be performed as the fibres are boiled in water 
under pressure or boiled in an extruder. Furthermore, they may treated chemically, for 
example by adding a base to the water. Thereafter the formed fibres are washed and 

15 dried before they subsequently are used for dry-forming. Alternatively, there may also 
be performed a wet cleaning of the fibre mass in this manufacturing step. Thus the 
fibres which are cleaned through a riddle and pulped, may be fed to a hydrocyclone, 
whereby it has appeared to be possible by cleaning to remove a very large part of the 
shives in the finished pulp. It has thus appeared possible to make a pulp which only 

20 has a content of up to 0.1 % shives. As the shives are removed, the strength is in- 
creased in the subsequently formed fibre mat, as the fibre mat will contain more fibres 
for fibre bonds, as the fibre mat contains more fibres per area unit, because the weight 
of one shive corresponds to the weight of a large number of fibres. In practice it has 
appeared possible to increase the strength in the finished product by cleaning off 

25 shives in a hydrocyclone. Because the capacity in the hydrocyclone is low, it is advan- 
tageous to clean off as many shives as possible by the dry process. The subsequent 
treatment/cleaning in a hydrocyclone will thus preferably take place in connection 
with methods where the pre-treatment of the fibres comprises a pulping. 

30 The formed fibres are then used for forming the fibre mat by a dry-forming process 
which substantially corresponds to a dry-forming process used in the dry-forming of 
paper. 
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The formed single fibres will be more or less fibrillated which increases the tendency 
of the fibres being able to wind and roll into each other. Thus there is automatically 
achieved inter-fibre bonds in the fibre mat. For some application areas it will thus not 
be necessary to add binders. However, it will also be possible to add binders in order 
5 to form inter-fibre bonds between the single fibres. The appearing fibre mat will thus 
have a homogenous cohesive structure through the whole thickness. 

The binders that can used may be organic binders, synthetic organic binders, or natural 
binders. As binders may be used polymers, for example thermoplastic. Especially at 
10 the forming of composite products and high strength products where the formed fibre 
sheet may be said to be a fibre reinforcement situated in a matrix of polymers, there 
may be used relatively large amounts of the binders. In such products there will thus 
be used up to 50% binders in relation to the finished product. 

15 The binders may also be provided in the form of synthetic fibres, for example bi- 
component fibres consisting of polypropylene and polyethylene, polyester, vinyl etc. In 
such a situation the fixation of the sheet will take place by heating up to the melting 
temperature of the plastic, whereby inter-fibre bonds are established. As examples of 
natural binders can be mentioned starch and lactic acid products. Such binders may be 

20 added as a part up to 5 -15%. 

The amount and type of binders added will thus depend on the intended use of the 
formed fibre mat. A fibre mat intended for isolation mats will thus contain very little 
or no binder. Contrary to this, a composite sheet, for example, has properties corre- 
25 sponding to those known from fibre and chip-boards will contain a larger amount of 
binder (10 - 50%), and binder and fibre mat will go through a compression simultane- 
ously with the establishing of the inter-fibre bonds. Hereby a compact and strong sheet 
is formed. 

30 Furthermore, it will be possible to vary the properties of the formed product by 
changing the length of the fibres in the product. Thus for certain products it will be 
advantageous that a part, for example of 10% or more, of the shives from the separa- 
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tion process is fed to the dry-forming process so that a more compact and strong fibre 
mat is formed. 

If airy and soft fibre mats are desired, shives are not added and at the same time there 
5 is not performed any noticeable compacting of the dry-formed layer. Furthermore, for 
such airy products there will be used plant fibres, preferably flax fibres, that are suit- 
able retted so that they after shortening and separation contain many fibrils contribut- 
ing to obtain a cohesive fibre mat which at the same time is airy. 

10 By the method according to the invention, the fibre mats may be produced considera- 
bly cheaper than carded/needled fibre mats. The fibres may be formed to a fibre mat 
with the addition with very little binder as compared to forming of corresponding fibre 
mats formed of wood fibres because of the longer fibre length of the shortened plant 
fibres. Thus wood fibres will typically have a length between 1 and 3 mm, which is 

15 considerably different from the typical length of plant fibres, which as mentioned 
above will be especially between 4 and 15 mm. 

As mentioned, the fibre mat may be made without the use of binder or with a very 
little amount of binder. When making fibre mats for isolation purposes an addition of 
20 binder in a part of 0 - 15%, preferably of 2 - 3%, will be enough to establish a cohe- 
sive fibre mat of flax and hemp fibres which are easy to handle. In comparison, a cor- 
responding isolation plate made from wood fibres will normally contain 15 - 20% 
binder, which increases the price of the product. 

25 As mentioned, the fibre mats may be made airy and soft by the use of retted fibres re- 
sulting in many fibrils by the shortening/separation. If the plant fibres only are slightly 
retted or not retted, many of the plant fibres will still be cohesive in fibre bundles. This 
gives a more hard and rough fibre mat as the formed fibre mass will contain a rela- 
tively larger part of fibre bundles than single fibres. 

30 

A fibre mat containing fibre bundles will be less soft and dense. However, the fibre 
strength in such a fibre mat is greater. This will make it suitable for making plates to 
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where greater strength is required. By regulating the pre-treatment in a form of degree 
of retting, possibly combined with chemical and/or enzymatic treatment, it will thus 
also be possible to influence the properties in the formed fibre mat. 

5 The properties in the fibres may thus be combined, depending on the field of applica- 
tion. 

The fibre bundles will comprise a few single fibres or up to a maximum of 10 - 30 
single fibres. 

10 

The fibre mats will usually be made of fibres which are hydrophobic as fibres from 
flax and hemp to a greater or lesser degree are hydrophobic. A hydrophobic fibre mat 
is thus formed by the use of fibres which are only treated mechanically (not chemi- 
cally). I.e. the stems are retted in a shorter or longer period of time and dried down to a 
15 water content between 8 - 18%, preferably between 10 - 16%. The degree of hydro- 
phobicity depends on the raw material quality. The stronger retting, the lesser degree 
of hydrophobicity. The fibres may absorb humidity from the surroundings and give off 
the humidity again and will be resistant to rot and attacks from mould fungus at nor- 
mal atmospheric humidity. 

20 

Alternatively, it will also be possible to make fibre mats where the fibres have been 
made hydrophilic. It will thus be possible to pre-treat the fibres via a pulping or en- 
zyme treatment, a washing and a drying in order to further process the fibres to cellu- 
lose. This may take place by boiling in water under pressure or by boiling in extruders. 
25 Such a pre-treatment may be performed with or without addition of pulping chemicals, 
as for example sodium hydroxide. 



30 



A fibre mat made according to such a method may for example be used where there is 
a need for an absorbing effect, as for example sanitary tissues, napkins, tissue paper 
etc. 
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The dry-forming process makes it possible to make the fibre mat with greater or lesser 
degree of compacting and with greater or lesser thickness. It will thus be possible to 
make the fibre mats with thicknesses from 2-5 mm and up to thicknesses of 2 - 300 
mm or even thicker. The formed fibre mats may be manufactured with compacting 
5 from gram weights of 30 g/m 2 to gram weights of 3000 g/m 2 or more. For example, 
mats for use in moulded composite elements may be manufactured with gram weights 
up to 8000 g/m 2 . 

Furthermore, by the making of the fibre mat it will be possible to admix paper wool, 
10 binders (synthetic fibres or organic binders), shives from flax or hemp, wood fibres, or 
to admix fire-retardants by making isolating mats with fire-resistant properties. The 
formed fibre mats may thus be added fire-resistant materials, as for example salts as 
borax and boric acid, aluminium hydroxide, ammonium phosphate, ammonium sul- 
phate, or others, for example in amounts of 0 - 15% of the total weight of the mat. 

15 

By making fibre mats in an airy form they may thus be used as isolating mats for 
substituting isolating mats made of mineral wool and glass wool. The formed fibre 
mats may furthermore be used as building plates, as substitute for fibre boards and 
chip-boards by adding shives, binders, and by performing a pressing of the formed 
20 fibre mat. 

The fibre mat formed by a method according to the invention may contain up to 100% 
flax fibres or hemp fibres or a combination of these fibres. Furthermore, the fibre mats 
may be made with admixing of other fibres, which may be organic or inorganic. Even 
25 though it is preferred to produce the fibre mats from plant fibres formed by the method 
according to the invention of economic reasons, it will also be possible to use plant 
fibres made into long fibres, so-called tow. 

Thus it will be possible to use tow from the textile industry stemming from flax as 
30 well as hemp and where the tow, for example in hammer mills, is shortened to the 
desired fibre lengths before forming the fibre mat by the dry-forming process. 
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The fibres that may be used by the method according to the invention may have differ- 
ent compositions: 

- shortened fibres, that are retted or unretted, consisting of cleaned flax and/or hemp 
fibres admixed with up to 10% shives, 

5 - shortened fibres, that are retted or unretted, primarily as single fibres, consisting of 
flax and/or hemp fibres admixed shives from flax and/or hemp with up to 90% shives, 

- short fibres, that are retted or unretted, primarily as fibre bundles and shives from 
flax and/or hemp, 

- shives separated by cleaning flax and/or hemp, or 

10 - a dust fraction separated by cleaning consisting of very short fibres together with 
shives. 

The fibre quality will depend on the desired properties by the formed final product. By 
an advantageous method for making fibre mats which are suitable as isolating mats, 

15 the plant stems are dried to a water content between 10 and 16%. Then the stems are 
scutched and shortened in a hammer mill so that the main part of the fibres preferably 
have a length between 3 and 20 mm, where the fibres will have an average length be- 
tween 4 and 1 5 mm. This takes place advantageously by using a rotating riddle. Then 
the fibres are dry-formed which preferably takes place by using a former head placed 

20 above a vacuum box wherebetween there is disposed a former wire on which the fi- 
bres are deposited and held by a vacuum. The setting takes place by compacting to- 
gether with addition of 0 - 5% binder. Alternatively, there may still be used up to 50% 
binder, if there is especially great requirements to the handiness of the formed fibre 
mat. 

25 

A fibre mat formed by the method according to the invention do not need to be a plane 
plate or sheet. Thus it will be possible to perform a final treatment simultaneously 
with the setting or in immediate connection with setting of the inter-fibre bonds. 

30 Thus it will be possible to impart a spatial form to the fibre mat, for example a wave 
form which makes it suitable as reinforcing fibres in a composite plate, for example a 
high-strength composite plate or a workable composite plate. Alternatively, the fibre 
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mat may be shaped to receive the form of a desired packing, for example the form of a 
box or a cup. Thus a fibre mat, being stable of shape and firm, could be used in mak- 
ing packing products or plant pots. The packing/plant pot may be formed by a pressing 
operation in immediate connection with the setting step. 

5 

The method and the fibre mat according to the invention will be described more 
closely by means of the following examples. 

Example 1. 

10 This example illustrates a method for making a fibre mat of flax for use as isolating 
mats as a substitute for mineral wool. Straw from flax, both oil and spinning flax as 
well as hemp, may be used. The best fibres are obtained from spinning flax which is 
well retted and possibly hemp if this is retted sufficiently. Here is given an example of 
making fibre mats for isolation on the basis of spinning flax: 

15 

The flax stems are laid in swaths and after about 10 days on the field the seed are 
combine harvested with a usual combine. Hereafter the straw lie in a straw run/swath 
on the field and is retted. The retting process may be watched by noting a change in 
colour on the straw. The desired degree of retting has been achieved when the colour 
20 on the straw/fibres changes to light grey. It may be necessary to turn the swath in order 
to ensure a uniform retting. 

The retting process is watched closely and daily there is taken samples in order to as- 
certain how far the retting process in the hand scutched straw is advanced. 

25 

When the desired change of colour has appeared, the straw is gathered by pressing into 
bales, preferably round bales, normally this takes place at a dry content of about 85% 
in the straw (15% water). 

30 The bales are transported to the factory where they are dried down to 12% water con- 
tent. After drying, the bale is unrolled/cut up and the flax straw is fed into the hammer 
mill where the scutching takes place. From the mill the fibre mass, which now consists 
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of fibres as well as wooden parts/shives, is fed via a cyclone into a rotating riddle 
whereby the shives together with dust is separated. The now woollen fibre mass has an 
average length of about 4-15 mm. Some fibres, however, are longer. The length of 
fibres may to a certain degree be adjusted by regulating the riddle on the hammer mill 
5 and by regulating the adjustment of the riddle by the subsequent sorting on the rotating 
riddle. Normally fibres are cleaned down to a content of 5% shives. By a further 
cleaning there is obtained a comparatively larger loss of fibres. 



The cleaned fibre mass is transported via pipes to the mat plant where a dry-forming 
10 takes place. This occurs, for example, by using a former head placed above a vacuum 
box where between there is disposed a former wire on which the fibres are deposited 
and held by a vacuum. The mat plant is adjusted to forming a fibre mat/mat in the de- 
sired height. This is regulated by means of the speed whereby the fibre feeder (bale 
breaker) is dosed via a transport blower to the former head. At the same time the ad- 
15 vancing speed on the wire is regulated. 

If a mat for use as isolation of ceilings and walls etc. is desired to be made, the height 
of the fibre mat is regulated to for example 200 mm with a desired gram weight of for 
example 3000 g/m 2 . For certain isolation purposes there is desired as light a fibre mat 
20 as possible, and under these conditions the fibre mat is not compacted. 

If the making of a fibre mat is desired, being more compact and possibly of lesser 
height, this takes place by regulating the degree of compaction of the fibre mat before, 
after, or during a possible setting which preferably is performed in an oven. 

25 

During the process, where the fibres fall out on former wires and are advanced, 2 - 3% 
binder, for example in the form of a by-component consisting of polyethylene and 
polypropylene, is added. Setting of the fibre mat takes place by heat treatment in an 
oven at about 145°C or other temperature depending of binder type, i.e. the fibre mat 
30 is led via a former wire through an oven with desired temperature. 
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During the process (before setting in oven) possible fire-resistant fabrics are added, as 
for example salts as borax (0 - 15%), boric acid (0 - 15%), aluminium hydroxide (0 - 
15%) or others. The salts may fall down into the fibres or be sprayed on the fibres. 

5 After setting of the fibre mat, it is rolled up via a roller and is packed or cut into shape. 
During this process the fibre mat may be rolled hard together. When unrolling, the 
fibre mat reaches the same size and volume as before the rolling as the fibre mat puffs 
up. 

10 The finished fibre mat is soft and supple. Depending on the degree of retting, the col- 
our will be yellowish/light grey to a darker grey. The fibre mat could be manufactured 
at a cheaper price than the usual needle carded fibre mats. The fibre mat has a heat 
isolation corresponding to a lambda value of -0.40. The fibre mat repels humidity im- 
mediately because of hydrophobic properties, but the fibre mat is still capable of tak- 

1 5 ing up and giving off humidity with the surroundings. 

Example 2. 

This example illustrates the method for producing a fibre mat on the basis of flax cel- 
lulose for use in the tissue industry, as for example absorbing paper or as cover stocks. 

20 

The fibres are produced as above in example 1 described before the forming of mats. 
The degree of retting may be from the quite unrettet to strongly retted fibres. The 
woollen fibres now cleaned are subjected to pulping. This may take place by boiling in 
water under pressure or by boiling in an extruder. The pre-treatment is carried through 
25 with or without addition of pulping chemicals as for example caustic soda (sodium 
hydroxide). The treatment in extruder may proceed at a relatively high level of a dry 
matter, about 10%, but also at a lower percentage of dry matter. 

If extrusion treatment is used, impregnation of the fibres takes place simultaneously 
30 with the cutting up of the fibre mass. After extrusion treatment, the fibre mass is con- 
veyed into a container and boiled about 1 hour at about 100°C. Subsequently, the pulp 
is cleaned for remains of sugar and lignin. The fibre mass now consists of a homoge- 
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nous distribution of fibres in a slurry containing from 0 - 5% impurities primarily 
stemming from the shives. These may be cleaned off via centricleaning in a hydrocy- 
clone. The pulp may possibly previous to the cleaning in a hydrocyclone be refined in 
a refiner if fibrillation of the fibres is desired. For example a disc refiner, "wide angle" 
5 refiner, or for example a cutter mill. 

After pulping, the flax pulp consists of almost pure cellulose with a content of 80 - 
95% cellulose. The dry matter yield is between 75 - 90%. The distribution of the fibre 
length has been measured with Bayer McNett index between 200 - 300, preferably 
10 between 240 - 280. The strength in the flax cellulose has been measured in 
Nm/m 2 /cm 2 from 100 - 160, or more. 

If bleached pulp is desired, 2 % peroxide may be added and there is achieved a blight- 
ness of about 75. 

15 

The finished pulp is dried and defibrated in a beater mill/hammer mill, if the fibres are 
desired to be completely defibrated before forming into a fibre mat. The forming takes 
place as described in example 1 , but, depending on the application, there is produced a 
thinner mat as for example for use as absorbing paper for use in sanitary tissues and 
20 the like (about 70 - about 200 g/m 2 ). A very thin mat (20 g/m 2 ) can be used as cover- 
stock by admixing about 1 5% or less hydrophobic binders. 

Even without bleaching the pulp, the products are very bright, from light grey to whit- 
ish. 

25 

Example 3. 

This example illustrates a method for making moulded composites on the basis of the 
fibre mat of hemp or flax. 

30 As a basis for achieving a fibre plate with high strength, it is possible to use compara- 
tively unretted fibres, possibly admixed with shives. The fibre strength in unretted to 
slightly retted fibres is higher than for strongly retted fibres. Flax as well as hemp will 
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be suitable raw material because of the high strength of the fibres. The wood parts 
cleaned off, shives, could also be used for composites corresponding to chip-boards. 

The fibre mat is made as above in example 1 described before the forming of a mat. 
5 There is produced a fibre mat of desired height and gram weight, for example 300 
g/m 2 . By the use of comparatively unretted flax or hemp, the fibre mat is very stiff and 
hard. The shives content may be adjusted according to wish. The higher content, the 
stiffer mat before moulding. 

10 During the mat making, a so-called plant fibre compatilizer is sprayed on, i.e. a chemi- 
cal modification with for example isocyanate (about 1 - 2%) in order to ensure the 
hydrophobic fibres obtain a surface which is compatible with traditional binders like 
formaldehyde etc. used as binder in the fibre plate. Instead of adding a formaldehyde, 
EVA (evanylacetate) or natural binders may be a possibility. 

15 

Also, the fibres are glued before, under, or immediately after the mat making or im- 
mediately after pressing with heat, vacuum, or autoclave/moulding, as in the tradi- 
tional methods for making of fibre plates and chip-boards. 

20 The moulded composites based on hemp or flax fibres have a strength at level with 
hard masonite. 

If a highly reinforced composite is desired made, there is used a greater part of organic 
binders as synthetic polymers comprising thermoplastics and thermosetting plastics, 
25 for example polypropylene, poly acetate and polyester. About 50% binder is added. 
The additional binder takes place during the mat making, and the fibre mat is pressed 
subsequently with high pressure into the desired shapes. The shaping proceeds as de- 
scribed under example 1. 

30 The highly reinforced composites have a strength at a level with glass fibre and are 
useful as substitution for plastic composites and glass fibre composites. 
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CLAIMS 

L A method for manufacturing a fibre mat using vegetable fibres, where the fibres are 
pre-treated, as the plants are harvested by cutting and threshing, where plant stems are 
5 retted wholly or partially and thereafter shortened and separated for establishing a fibre 
mass comprising mainly single fibres with lengths within the desired interval between 
0.1 and 30 mm, where drying is possibly performed for providing a desired water 
content, where the fibres are randomly oriented, as the mat is formed by a dry forming 
process, and where the mat is fixed, as inter-fibre bonds at least partially are estab- 
10 lished between the single fibres as these are more or less fibrillated. 

2. A method according to claim l,characterisedin that the pre-treatment com- 
prises a shortening of the fibres to a length between 3 and 20 mm and especially be- 
tween 4 and 1 5 mm. 

15 

3. A method according to claim 1 or 2, characterisedin that the fibres are retted 
partially on the field and that they afterwards are imparted a possible further controlled 
retting in water containing enzymes before the shortening. 

20 4. A method according to any preceding claim, characterised in that the inter- 
fibre bonds are established by the application of organic binders, synthetic organic 
binders or natural binders. 

5. A method according to any preceding claim, characterised in that the fibres 
25 are selected among flax and hemp. 

6. A method according to any preceding claim, characterised in that the stems 
are scutched in a hammer mill and shortened to a desired length, that fibres within a 
desired length interval are separated by use of a rotating riddle, that the fibre fraction 

30 is dry formed into a mat as the fibres are blown into a forming head disposed above a 
forming wire. 



• 
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7. A method according to any preceding claim, characterised in that the formed 
mat is fixed by addition of between 0 and 50 % binder. 

8. A method according to any preceding claim, characterised in that the formed 
5 mat contains between 0 and 10 % shives. 

9. A method according to claim ^characterised in that shortening and sepa- 
ration of fibres is performed in the dry condition, and that the pre-treatment comprises 
pulping of the fibres as the fibres are boiled in pure water under pressure or boiled in 

10 an extruder, that they are treated chemically, for example by adding base, that they are 
washed and that they are dried before the formed fibres are dry formed. 

10. A fibre mat manufactured by the method according to any preceding claim, 
characterised in that it has the character of a non-woven mat and is made with 

15 thickness' between 2 and 300 mm and with gram weights between 30 and 8000 g/m 2 . 

1 1 . Use of a fibre mat manufactured by a method according to any of the claims 1-9 
as isolating mat, as absorbing fibre mat, as element in a moulded composite product or 
as element in a strongly reinforced composite product. 



